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Summary. To study the pharmacological induction of
stress along with psychological stress and their possible
interaction, 20mg yohimbine and placebo orally were
administered to 8 panic patients on placebo treatment, 7
panic patients on alprazolam treatment and 12 controls
in a double-blind crossover design. Two structured situa-
tions which can be considered as ‘neutral’ stressors were
included: a mental arithmetic task and a continuous per-
formance task. Mental arithmetic induced robust in-
creases in ratings of panicky, anxiety, nervousness, heart
rate and electrodermal activity, while the continuous
performance task induced increases exclusively in skin
conductance reaction. Patients responded to these tasks
less than controls with regard to subjective ratings and
electrodermal activity. Yohimbine did not potentiate the
response to the tasks in the patients. In controls, heart
rate during the mental arithmetic task, but not during
rest, was increased after yohimbine. In contrast to other
yohimbine challenge studies no panic attacks were ob-
served. It is hypothesized that the experimental design
together with an instructional set that reduces expec-
tancy factors and the inclusion of structured and time-
limited tasks in a challenge paradigm is able to reduce
the anxiogenic effects of yohimbine.
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Introduction

In recent years interest has been focused mainly on bio-
logical aspects of panic disorder (Rachman et al. 1988;
Teicher 1988; Uhde and Tancer 1990). However, biolog-
ical models of anxiety require broadening, since there
is an increasing body of evidence that anxiety responses
of anxiety prone subjects can be modified by psychologi-
cal factors and the experimental setting. Proponents of
a cognitive theory of panic attacks (van den Hout and
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Griez 1982; Clark 1986) reported that the affective
response to hyperventilation and CQO, inhalation was
determined by cognitive factors such as expectation and
the recall of previous experiences with the induced sen-
sations. Moreover, internal cues, including bodily sensa-
tions that are interpreted as dangerous, are likely to
trigger panic attacks (Margraf et al. 1986). This is sup-
ported by reports that bodily sensations are one of the
first things which subjects notice during an attack (Hib-
bert 1984; Ley 1985, 1987). Anxiety patients are more
aware of bodily functioning (Tyrer et al. 1980) and body
sensations are particularily likely to be noticed when
there is a change in biological processes (Clark 1986).

Thus there is considerable evidence that attention to
drug induced bodily changes might enhance the likelihood
of experiencing a panic attack in anxiety prone subjects.
Most challenge paradigms have facilitated concentration
on bodily sensations by instructing the subjects to wait
for the expected anxiogenic effects of a challenge com-
pound. Until now only one study included a structured
situation (isometric exercise) in a challenge paradigm
(Nesse et al. 1984). The authors reported no occurrence
of panic attacks in panic patients after isoproterenol
application. In an attempt to minimize concentration on
bodily sensations, our study included situations that sub-
jects were required to cope with actively and which were
intended to distract them from changes in physiological
functioning induced by the challenge drug.

Previous stress research emphazises that different
structured situations elicit different response patterns
(Lacey 1967; Dimsdale and Moss 1980; Ward et al. 1983;
Albus et al. 1986, 1987, 1990). A mental arithmetic task
requires specific mental activation under social stress
and is thought to induce a sensory rejection response
(Lacey 1967) with increases in heart rate and electro-
dermal activity (Lacey 1967; Forsman and Lindblat 1983;
Albus et al. 1986, 1988a, 1990). In contrast, a situation
requiring concentration on external stimuli like a con-
tinuous performance task induces an orienting response
with no changes in cardiovascular parameters (Lawler
1980; Erdmann et al. 1984; Spinks and Siddle 1985).
Both tasks can be considered as “neutral” stressors with-
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out specific threat for clinically anxious subjects
(Mathews et al. 1990). Previous investigations (Albus et
al. 1988a,b) have found that such neutral stressors do
not induce more pronounced physiological responses in
panic patients than in healthy controls. Zucker et al.
(1989) applied a mental arithmetic task and demon-
strated that the cognitions of fear patients reported before
panic attacks were not the same as those in anticipation
of the stressor. The authors concluded that stressors like
mental arithmetic produce non stress-related physiologi-
cal changes which override whatever effect cognitions
have in producing physiological changes leading to a
panic attack.

As described in a companion article (Albus et al., this
issue) our aim was to decrease the likelihood that pa-
tients develop panic attacks by the type of the experi-
mental design and instructional set and by the inclusion
of structured situations. This has never been done in
challenge studies which assumed pure biological mecha-
nisms for panic anxiety. Two tasks (mental arithmetic
(MA) and continuous performance task (CPT) were
added to a yohimbine challenge paradigm to answer the
following questions:

1. After yohimbine administration do patients develop
similar or different response patterns compared to con-
trols to the two different tasks?

2. Does yohimbine influence task performance differ-
entially in patients and controls?

3. Does anticipation of and actively coping with the tasks
lower the incidence of panic attacks by preventing the
patients from attending to yohimbine induced bodily
changes?

Methods

Subjects

Controls were 8 females and 4 males with a mean age of 34.5 years.
Patients (4 males, 11 females) met DSM-III criteria for agoraphobia
with panic attacks or for panic disorder without concomitant
depression (APA, 1980). Eight patients were under placebo medi-
cation for at least 2 weeks prior study, seven patients were treated
with alprazolam over a period of 6 to 8 weeks and were under a
stable alprazolam dosage for at least 1 week prior study. For de-
tails see Albus et al., this issue.

Apparatus

Physiological recording was done on a Grass polygraph (Model
7B), the output of which was digitized by a PDP 11/10 computer.
Electrodermal activity was recorded from the distal phalanges of
the middle and ring fingers of each hand. Heart rate was recorded
by a Grass tachograph from an EKG signal. For details see Albus
et al., this issue.

Procedure

All subjects participated in two test days during which they were
randomly assigned to either 4 tablets of placebo or 4 tablets of Smg
yohimbine on the first day and the opposite substance on the sec-
ond testday. The interval between test days ranged from 1 to 3
weeks.

- 50 (min.) Arrive at Laboratory
- 60 Mood-Scale, VAS, STAI-X1, i.v.
- 30 ZUNG -NE
- 20 NE, CORT
3 min. Rest
1 min. Instruction
3 min. Mental arithmetic
- 11 VAS, Mood-~Scale
3 min. Rest
1 min. Instruction
- 3 4 min. Continuous perfor-
mance task (CPT)
3 min. Rest
+ 0 Yohimbin/Placebo
+ 75 Mood-Scale, VAS, STAI-X1
+ 90 NE, CORT
3 min. Rest
1 min. Instruction
3 min. Mental arithmetic
+ 99 VAS, Mood-Scale
3 min. Rest
1 min., Instruction
4 min. Continuous perfor-
mance task (CPT)
+110 3 min. Rest

Fig. 1. Flow sheet for the yohimbine procedure

Structured Tasks

Mental Arithmetic Task (MA): Subjects subtracted 7 continuously
starting from 500 (before tablet intake) or 13 starting from 1000
(after tablet intake) until they reached 0. If they made a mistake
they had to start from the beginning again. Performance was eval-
uated in terms of number of restarts and the lowest correct number
reached.

Continuous Performance Task (CPT, Rosvold et al., 1956):
Letters were displayed one at a time for 0.5s duration with a 0.7s
interstimulus interval. The subject’s task was to press a button
after an ‘X’ only when it had been preceded by an ‘A’. Critical
stimuli occurred randomly on 20% of the trials. Responses to X
preceded by any letter but ‘A’ or responses to any other letter were
considered errors of commission. If a response was later than the
interstimulus interval it was considered late. Performance was
evaluated by number of omissions, commission errors, and late re-
sponses.

The flow-sheet for the yohimbine procedure can been seen in
Fig. 1

Blood was sampled for norepinephrine (NE) and cortisol
(COR). These data are reported in a companion paper (Albus et
al., this issue). Physiological recordings were done during baseline
conditions (=rest) and the stressors mental arithmetic (MA) and
continuous performance task (CPT).

Behavioral ratings were administered 35 minutes before and
75min following the yohimbine or placebo dose, as well as after
mental arithmetic. A visual analogue scale completed by the sub-
ject was used to evaluate the changes of 16 different mood states
(e.g. alert versus drowsy, troubled versus tranquil, happy versus
sad, tense versus relaxed, lethargic versus energetic). The subjects
also completed an analogue scale for anxiety to measure the
change of 5 different symptoms related to anxiety (panicky feel-
ings, anxiety, nervousness, apprehension, muscle tension). Both
scales were scored in 100 mm. The subject had to make a perpen-
dicular mark at the point corresponding to his feelings at that time.
Therefore, the score could range from 0 {(not at all) to 100 (ex-
tremely).



Data Reduction

Analogue ANS data were digitized and stored on line for later
editing and analysis by computer as described by Zahn et al.
(1986). For details see Albus et al., this issue.

Data Analysis

The effects of yohimbine on physiological measures and subjec-
tive ratings were initially evaluated using analyses of variance
(ANOVA) with independent dimensions of groups (controls,
patients taking alprazolam, patients taking placebo) and order
(yohimbine or placebo on the first test day) and repeated measures
dimensions of drug (yohimbine or placebo), time (predrug versus
postdrug), and condition (rest and task periods). The Huynh-Feldt
epsilon correction for the degrees of freedom in repeated-mea-
sures ANOVAs was used. We report variations among conditions
in this paper.

Results
Subjective Ratings

Condition Effects

The mental arithmetic task induced a robust increase in
self rated panicky, anxiety and nervousness. However,
there were no significant group differences in this (see
Table 2). After mental arithmetic all groups rated an in-
crease in apprehension (df 1; 24; F=7.43, P <0.01) and
muscle tension (F=12.63, P <0.001) and rated them-
selves as more excited (F = 28.57, P < 0.001), discontent
(F=19.52, P<0.001), troubled (F=14.65, P <0.001),
tense (F=24.02, P<0.001), incompetent (F=12.31,
P <0.001) and antagonistic (F= 13.26, P < 0.001) com-
pared with rest periods, again without significant differ-
ences between the groups.
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Yohimbine Effects

Yohimbine did not induce a more pronounced increase
in any subjective rating due to the mental arithmetic
task, in either the patient groups or in the controls.

Performance

Patients and controls did not differ in the lowest number
or on number of restarts in the mental arithmetic tasks.
Also, in CPT there were no group differences and no
yohimbine effects on late answers, or on omission or
commission errors. Thus, yohimbine had no negative in-
fluence on performance in MA and CPT in any of the
three groups investigated.

Heart Rate Parameters (Fig.2)

Condition Effects

There were significant increases in maximum heart rate
(HR), mean HR, low HR, SD mean HR and SD high
HR in all three groups in the MA task but not in the
CPT. There were no differences between the groups in
any of these (no significant interaction condition X
group, see Table 2).

Yohimbine Effects

Yohimbine did not have significantly different effects on
rest and task periods for the three groups as a whole (i.e.
no drug X time X conditions effects). However, there
were significant D x T X C X group interactions for
mean HR and for low HR (Table 2). ANOVAs for the
patients and controls separately showed that there were
significant D X T X C interactions for mean HR, low
HR, and high HR (all P <0.03) for the controls but no

Table 1. Effect of the mental arithmetic task on self-rated panicky feelings, anxiety and nervousness in controls (n = 12), patients under
placebo (Plac. Pat., #» = 8) and patients under alprazolam medication (Alpraz. Pat., n = 7)

Controls Plac. Pat. Alpraz. Pat.

Placebo Yohimbine Placebo Yohimbine Placebo Yohimbine
Panicky
Rest pre —60 28+ 2 50 4 316 £24 25.6+£21 20.7 £ 23 82+ 4
MA pre -11 18.5£29 21.7+£21 34.8 £ 20 253 +£23 303 +31 12.4 £ 12
Rest post +75 9.5+12 92+ 8 15.3£18 33.5+24 152 £ 15 29.2 £ 34
MA post +99 18.6 £23 19.3 +29 30.5£21 40.3 £33 29.3 + 36 35.4+35
Anxiety
Rest pre —60 7.0+ 6 83+ 8 45.3 + 24 343 +28 31.1£30 24124
MA pre -11 25.1+24 20.6 £ 22 51.1+18 30.7 £21 40.0 = 36 36.4 +£25
Rest post +75 10.1 £ 13 104+ 9 24.6 £ 20 40.2 £ 27 18.8 £ 18 34.0+35
MA post +99 21.3+21 18.5 £ 26 34.1x21 42.1+27 31.8+34 46.5 =39
Nervousness
Rest pre —60 59+ 3 7.4+ 7 45.6 £ 24 30.7+ 19 33.2x34 20.7 £ 23
MA pre —-11 30.6 £ 25 24.7 £ 18 53.4+20 36.3 £ 26 39.2+35 43,4+ 24
Rest post +75 8.9+10 15211 21.8+£21 36.4 £ 22 214 %21 30.1+30
MA post +99 24.5+22 23.9+25 35.1x21 457 £ 26 337134 523%34
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Fig. 2. Mean heart rate during rest
A Plac.-Pat. ——~— periods (R), mental arithmetic (MA)
60 Alpr.-Pat. ssese ] and continuous performance task
: ; (CPT) before (Pre) and after (Post)
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Fig. 3. Nonspecific fluctua-
tions (NS/min) of skin
conductance reaction during
rest periods (R), mental
arithmetic (MA) and con-
tinuous performance task
(CPT) before (Pre) and
Post after (Post) yohimbine and
placebo intake

Pre Post
0 T T T 1.1 T T L ma R e
R R MA RCPTR R R MARCPTR R R MA RCPTR
Pre Post Post

interactions for the patients as a whole or no interactions
of these factors with medication. Examination of the
data shows that the controls had a marked reduction in
HR during the MA task from predrug to postdrug on
placebo sessions, but this was strongly attenuated after
yohimbine. This contrasts with virtually no difference
between placebo and yohimbine sessions for the controls
during the rest or CPT periods. The patients as a whole
showed about the same effects of yohimbine during all
periods.

Electrodermal Activity

Condition Effects

Both stressors induced a significant increase in non-
specific fluctuations (NS/min) of the skin conductance
reaction (SCR). Only MA, however, induced a signifi-
cant increase in maximum and mean skin conductance
level (SCL). The stressor effects were more pronounced
in the control group (significant interaction condition X
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R R MA R CPTR R R MA RCPTR R R MA R CPTR R R MA R CPTR
Pre Post Pre Post
Table 2. ANOVA summaries Condition Cond X group  Drug X time X cond X group
(df 55 120) (df 10; 120) (df 10; 105)
F P F P F P
Maximum SCL 22.79  0.001 2.88  0.05
Mean SCL 17.80 0.001 344  0.01
NS/min 51.77 0.001 373  0.01
Low heart rate 24.49 0.001 2.03 0.05
Mean heart rate 29.92  0.001 212 0.05
Maximum heartrate  36.51 0.001
df 1;24
Panicky 8.11 0.01
Anxiety 8.39 0.01
Nervousness 13.96 0.001

group, see Table 2). However, the rate of increase
(slope) in SCL during the instructions of both tasks
showed a significant group effect (P <0.02). This was
slower in the patients than in controls,

Yohimbine Effects

There were no effects of yohimbine on the electrodermal
responses to the tasks for the subjects as a whole or for
any of the subgroups.

Discussion

The mental arithmetic task induced large increases in
heart rate, the frequency of skin conductance responses,
and skin conductance level. This finding is in concordance
with the results of other studies (Ward et al. 1983; Albus
et al. 1986, 1987, 1988a, 1990), showing that this situa-
tion evokes robust changes in physiological functioning.

In contrast, the continuous performance task (CPT) led
to a moderate increase exclusively in the frequency of
SCRs. This finding is in line with other studies (Lawler,
1980; Erdmann et al. 1984; Spinks and Siddle 1985)
and supports the assumption that a situation requiring
concentration on external stimuli induces an orienting
response with no relevant changes in cardiovascular
parameters.

Like other studies comparing stress responses of
panic patients with healthy controls without additional
drug challenge (Albus et al. 1988a,b) our data show
that panic patients respond to stressors which are de-
manding but not specifically anxiety inducing compara-
bly to controls. Considering the even less pronounced in-
crease in electrodermal activity in the mental arithmetic
task in the patient groups one could conclude that panic
patients are less challenged by the demanding character-
istics of the task compared with bealthy controls. Non-
significant trends in the same direction were found for
ratings of panic, anxiety and nervousness. However,
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patients had higher base levels in subjective ratings. This
ceiling effect may have suppressed further increases due
to additional stress exposure. This finding shows that
the law of initial values (Wilder 1957), that is, that the
higher the prestimulus level the smaller is the response
to function raising, is a valid concept (Yeragani et al.
1990) which may be important in psychiatric research.
Since base levels in the parameters of electrodermal ac-
tivity were not higher in patients than in controls, the
law of initial values does not account for the less pro-
nounced increases in SCR and SCL in panic patients.
Therefore one can assume that panic patients are less re-
sponsive in electrodermal activity to external stimulation
than healthy controls. In contrast, heart rate responses
to MA were about the same in all groups. Both these
findings are in agreement with earlier studies (Albus et
al. 1987, 1988a, b) and reflect an overall reduced respon-
siveness to neutral stressors in panic patients.

Turning now to the influence of yohimbine on re-
sponses to tasks and task performance, the more pro-
nounced overall yohimbine effects in panic patients (see
companion paper, this issue) is also reflected in about
equally more pronounced increases in heart rate para-
meters during MA and CPT in both patient groups after
yohimbine administration. In contrast, the controls, who
showed no effects of yohimbine of HR parameters under
resting conditions, did show yohimbine effects on mean,
high, and low HR during the MA task. Thus, during
psychological stress, the controls showed effects of the
drug that were shown by the patients under resting and
stress conditions. Since yohimbine blocks the inhibitory
alpha-2-receptors, this suggests that the HR of controls
is significantly under adrenergic control only during
stress periods, whereas the HR of the patients, despite
its relatively low resting levels in the present study, is
mainly under adrenergic control during even rest periods.
This may account for the core position of changes in
cardiovascular activity in the development of panic an-
xiety (Tyrer et al. 1980; Taylor et al. 1986; Ley 1987,
Woods et al. 1987). However, yohimbine effects on the
autonomic variables were smaller than condition effects
for all groups. In agreement with Zucker et al. (1990)
our data support the hypothesis that stressor effects
caused by the characteristics of the task override yohim-
bine effects per se.

In contrast to studies that showed that anxiety patients
do worse in tasks with anxiety specific threat (Ehlers et
al. 1988; Mathews et al. 1990), panic patients performed
as well as controls in both tasks. In spite of exerting
overall more pronounced effects especially on heart rate
parameters, yohimbine did not worsen performance in
the patient groups. Thus, tasks that require mental acti-
vation or concentration on external stimuli may prevent
patients from being disturbed by yohimbine-induced
changes in physiological functioning.

Other research groups (van den Hout and Griez
1982; Hibbert 1984; Ley 1985, 1987; Margraf et al. 1986;
Clark 1986, Salkovskis and Clark 1990) showed that in-
duced bodily sensations that are interpreted as danger-
ous are likely to trigger panic attacks. Our data point to
the necessity of distinguishing bodily sensations which

are induced by a challenge drug from those induced by
structured situations that allow active coping mechanisms.
Although anticipation of the task and task performance
induced a more pronounced increase in autonomic activ-
ity than yohimbine per se, patients did not develop panic
attacks. In contrast to other yohimbine challenge studies
(Uhde et al. 1984, Charney et al. 1984, 1987) no panic
attacks were observed in the present investigation. Thus,
tasks that patients can cope with actively seem to pre-
vent patients from developing panic attacks by distract-
ing them from focusing on drug-induced bodily changes.

Our results suggest that an experimental design to-
gether with an instructional set that reduces expectancy
factors and physiological base levels as well as the inclu-
sion of structured and time-limited tasks, in contrast to
loosely structured challenge protocols, are able to re-
duce the panicogenic effects of yohimbine.

Acknowledgements. The authors gratefully acknowledge the co-
operation of Thomas W.Uhde (Chief, Section on Anxiety and Af-
fective Disorders, Biological Psychiatry Branch, National Insti-
tutes of Mental Health) and the nursing care and support of
Marilla Geraci in this study.

References

Albus M, Stahl S, Miiller-Spahn F, Engel BR (1986) Psycho-
physiological differentiation of two types of anxiety and its
pharmacological modification by minor tranquilizer and beta-
receptor-blocker. Biol Psychology 23:39-51

Albus M, Miiller Spahn F, Ackenheil M, Engel RR (1987) Psychi-
atric patients and their response to experimental stress. Stress
Med 3:233-238

Albus M, Zellner A, Ackenheil M, Braune S, Engel R (1988a) Do
anxiety patients differ in autonomic base levels and stress re-
sponse from normal controls? In: Hand I, Wittchen H-U (eds)
Panic and phobias 2. Springer Verlag, Berlin Heidelberg New
York 171-179

Albus M, Braune St, Héhn Th, Scheibe G (1988b) Do anxiety pa-
tients with or without frequent panic attacks differ in their re-
sponse to stress? Stress Med 4:189-194

Albus M, Miiller-Spaln F, Ackenheil M, Engel R (1990) Different
stress responses to mental and physical stressors in healthy
volunteers. Stress Med 6:259-265

Albus M, Zahn TP, Breier A (1992) Anxiogenic properties of
yohimbine. I. Behavioral, physiological and biochemical mea-
sures. Eur Arch Psychiatry Clin Neurosci 241:337-344

American Psychiatric Association (1980) DSM-III. Diagnostic and
Statistical Manual of Mental Disorders. 3rd ed. Washington,
DC: American Psychiatric Association

Charney DS, Heninger GR, Breier A (1984) Noradrenergic func-
tion in panic anxiety. Arch Gen Psychiatry 41:751-763

Charney DS, Woods SW, Goodman WK, Heninger GR (1987)
Neurobiological mechanisms of panic anxiety: Biochemical
and behavioral correlates of yohimbine-induced panic attacks.
Am J Psychiatry 144(8):1030-1036

Clark DM (1986) A cognitive approach to panic. Behav Res Ther
24(4):461-470

Dimsdale JE, Moss J (1980) Short-term catecholamine response to
psychological stress. Psychosom Med 52(5):493-497

Ehlers A, Margraf J, Davies S, Roth WT (1988) Selective proces-
sing of threat cues in subjects with panic attacks. Cognition and
Emotion 2:201-219

Erdmann G, Janke W, Bisping R (1984) Wirkungen und Vergleich
der Wirkungen von vier experimentellen Belastungssituatio-
nen. Zeitschr, exp. angewandte Psychol. 31(4):521-543



Forsman L, Lindblad T (1983) Effect of mental stress on baro-
receptor-mediated changes in blood pressure and heart rate on
plasma catecholamines and subjective responses in healthy
men and women. Psychosom Med 45(5):435-444

Hibbert GA (1984) Ideational components of anxiety: Their origin
and content. Br J Psychiatry 144:618-624

Lacey JI (1967) Somatic response patterning and stress. Some revi-
sions of activation theory. In: Appley MH, Trumbull R (eds):
Psychological Stress. Appleton-Century-Crofts, New York 14—
37

Lawler KA (1980) Cardiovascular and electrodermal response pat-
terns in heart rate reactive individuals during psychological
stress. Psychophysiol. 17(5) : 464-469

Ley R (1985) Agoraphobia, the panic attack and the hyperventila-
tion syndrome. Behav Res Ther 23:79-82

Ley R (1987) Panic disorder and agoraphobia: Fear of fear or fear
of the symptoms produced by hyperventilation? J Behav Ther
& Exp Psychiatry 18(4):305-316

Margraf J, Ehlers A, Roth WT (1986) Sodium lactate infusions
and panic attacks, a review and critique. Psychosom Med 48:
23-51

Mathews A, May J, Mogg K, Eysenck M (1990) Attentional bias
in anxiety: selective search or defective filtering? J Abn Psy-
chology 99(2):166-173

Nesse RM, Cameron OG, Curtis GC, McCann DS, Huber-Smith
MJ (1984) Adrenergic function in patients with panic anxiety.
Arch Gen Psychiatry 41:771-776

Rachman S, Lopatka C, Levitt K (1988) Experimental analysis of
panic II: Panic patients. Behav Res Ther 26:33-40

Rosvold HE, Mirsky AF, Sarason I, Bransome ED Jr, Beck LH
(1956) A continuous performance test of brain damage. J Con-
sult Psychology 20(5):343-350

Salkovskis PM, Clark DM (1990) Affective responses to hyper-
ventilation: a test of the cognitive model of panic. Behav Res
Ther 28:51-61

Spinks JA, Siddle DAT (1985) The effect of anticipated informa-
tion on skin conductance and cardiac activity. Biol Psychology
20:39-50

351

Taylor CB, Sheikh J, Agras WS, Roth WT, Margraf J, Ehlers A,
Maddock RJ, Gossard D (1986) Ambulatory heart rate
changes in patients with panic attacks. Am J Psychiatry 143:
478-482

Teicher MH (1988) Biology of anxiety. Med Clin North America
72(4):791-814

Tyrer PJ, Lee I, Alexander J (1980) Awareness of cardiac function
in anxious, phobic and hypochondriacal patients. Psychol Med
10:171-174

Uhde TW, Boulenger JP, Post RM, Siever LJ, Vittone BJ, Jimer-
son DC, Roy-Byrme PP (1984) Fear and anxiety: Relationship
to noradrenergic function. Psychopathol 17(3):8-23

Uhde TW, Tancer ME (1990) Chemical models of panic: a review
and critique. In Tyrer P, ed. Psychopharmacology of Anxiety.
London, Oxford: University Press 109-131

van den Hout MA, Griez E (1982) Cognitive factors in carbon-
dioxide therapy. J Psychosom Res 26:209-214

Ward MM, Mefford IN, Parker SD, Chesney MA, Taylor CB,
Keegan DL, Barchas JD (1983) Epinephrine and norepi-
nephrine responses in continuously collected human plasma to
a series of stressors. Psychosom Med 45(6) : 471-486

Wilder J (1957) The law of initial value in neurology and psychia-
try. J Nerv Ment Disease 125:73-86

Woods SW, Charney DS, McPherson CA (1987) Situational panic
attacks. Arch Gen Psychiatry 44:365-375

Yeragani VK, Meiri PC, Pohl R, Balon R, Merlos B (1990) Heart
rate and blood pressure: Significance of the law of initial val-
ues. Pharmacopsychiatry 23:279-282

Zahn TP, Schooler C, Murphy DM (1986) Autonomic correlates
of sensation seeking and monoamine oxidase activity. Psycho-
physiology 23:521-531

Zucker D, Taylor C, Brouillard M, Ehlers A, Margraf J, Telch M,
Roth W, Agras W (1989) Cognitive aspects of panic attacks.
Br J Psychiatry 155:86-91



